###### Strengths and limitations of this study

-   We could assess radiation anxiety and the stress processing capacity of public health nurses (PHNs) in the Fukushima Prefecture in Japan, after the accident at the Fukushima Daiichi Nuclear Power Station (FDNPS).

-   We believe that this study regarding the PHNs\' situation in the Fukushima Prefecture 4 years after the FDNPS disaster will be very important in the provision of future support.

-   We could not obtain sufficient information on the anxiety-related factors, such as detailed consultation contents and other information.

-   We were not able to gather sufficient information on stress management factors, such as family issues and marital status.

Introduction {#s1}
============

On 11 March 2011, the Great East Japan Earthquake struck the east coast of Japan. This large earthquake and tsunami caused immense damage, including that to the Fukushima Daiichi Nuclear Power Station (FDNPS).[@R1] After the accident at the FDNPS, the Fukushima prefectural government immediately issued instructions for the evacuation of those areas within a 20 km radius of the FDNPS, and they also instructed sheltering in the areas between 20 and 30 km from the FDNPS. Beyond the 30 km radius, additional areas were designated 'deliberate evacuation areas' if there was concern that the cumulative doses of radiation might reach 20 mSv per year in those areas.[@R2] Despite the low estimated and measured external and internal exposure doses just after the accident, many residents of the Fukushima Prefecture evacuated inside or outside the prefecture.[@R5]

In the report by the WHO on the health impacts 20 years after the Chernobyl accident, mental health was described as the most serious public health problem resulting from that nuclear accident.[@R9] Based on the lessons learnt from the Chernobyl accident, the Fukushima Health Management Survey (FHMS) was initiated to assess the health impacts, including mental health, of the residents by the Fukushima prefectural government and the Fukushima Medical University.[@R12] [@R13] According to the results of this survey, the residents of the Fukushima Prefecture were exposed to a higher risk of physical problems, such as diabetes and obesity, as well as mental problems (including the risk perception of the health effects of radiation).[@R14] [@R15]

In Japan, public health nurses (PHNs) hold a national license, and many PHNs work for prefectural and municipal bodies, enabling them to provide community health services such as health guidance, home visits and health education to local residents. In other words, they play important roles in managing the health of local residents, including the time after this disaster. While they were themselves victims of the radiation disaster, they had to respond to the residents\' anxieties about radiation exposure, despite their lack of professional knowledge on this topic.

In this study, we conducted a survey to clarify the radiation anxiety and stress processing capacity of the PHNs in the Fukushima Prefecture, after the nuclear accident at the FDNPS.

Materials and methods {#s2}
=====================

Study population and data collection {#s2a}
------------------------------------

We conducted a questionnaire survey among the PHNs in the Fukushima Prefecture located in Northeastern Japan, which was severely affected by the earthquake, tsunami and FDNPS accident following the Great East Japan Earthquake in 2011. We initially distributed questionnaires to 509 PHNs, and we obtained responses from 458 PHNs (90.0%), after excluding 28 PHNs with insufficient responses. The survey was conducted in July of 2015 via postal mail, and contained questions about the demographic factors (sex, age, activity area and employment position) and knowledge of the PHNs about radiation before and after the accident at the FDNPS, as well as their mental health status. In addition, we examined their degree of anxiety about radiation at the time of the FDNPS accident, and at present, by asking them to answer questions about radiation at present. The degree of anxiety was rated on a 10-point Likert scale ranging from no anxiety to having a lot of anxiety; we defined 1--5 as 'anxiety (−)' and 6--10 as 'anxiety (+).'

To measure the PHNs\' stress management capability, we used the Japanese version of the Sense of Coherence-13 (SOC-13). The SOC-13 consists of three dimensions (comprehensibility, manageability and meaningfulness) that are equally weighted to create an overall (total) score. Each question was rated on a five-point Likert scale from 1 to five, with a higher score representing a stronger sense of coherence (range:13--65).[@R16]

Statistical analysis {#s2b}
--------------------

We classified the low and high levels of anxiety by asking them to answer questions about radiation, and compared the anxiety (−) group and anxiety (+) group by using the χ^2^ test and t-test as univariate analyses. A multiple logistic regression analysis was performed to assess the effects of each variable on the anxiety level adjusted for confounding variables. In this study, the dependent variable was 'the anxiety (+) by asking them to answer questions about radiation,' the exposure variables were 'Manager in the workplace,' 'Public health nurse at the time of the accident,' 'Current degree of anxiety about radiation,' 'Difficulty answering radiation questions in the past,' 'Currently have materials to obtain knowledge about radiation' and 'Knowledge about childhood thyroid cancer increase after the Chernobyl accident', and the confounding variable was 'age'. ORs and their 95% CI were also calculated. A p value of \<0.05 was considered to be significant, and the statistical analysis was performed using SPSS Statistics V.22.0 (IBM Japan, Tokyo, Japan).

Results {#s3}
=======

A total of 458 PHNs responded to the survey, and 430 of those PHNs (93.9%) completed all of the questions. The number of women was 416 (96.7%), and 153 (35.6%) were aged 50 years or older. The number of PHNs with \<10 years of working experience was 124 (22.8%), and 306 (71.2%) had 10 years or more. There were 119 participants (27.7%) in managerial positions. At the time of the accident, 330 (76.8%) worked as PHNs and 62 (14.4%) were still in training. The number of those in Hamadori, which became the evacuation area of the FDNPS accident, was 83 (19.3%) ([table 1](#BMJOPEN2016013564TB1){ref-type="table"}).

###### 

Basic characteristics of the study participants

  Variable                                  Number (%)
  ----------------------------------------- ------------
  Gender                                    
   Women                                    416 (96.7)
   Men                                      14 (3.3)
  Age (years old)                           
   20--29                                   92 (21.4)
   30--39                                   72 (16.7)
   40--49                                   113 (26.3)
   ≥50                                      153 (35.6)
  Tenure as a public health nurse (years)   
   \<10                                     124 (28.8)
   ≥10                                      306 (71.2)
  Nursing experience in a hospital          
   Yes                                      149 (34.7)
   No                                       281 (65.3)
  Activity area                             
   Hamadori                                 83 (19.3)
   Other area (Nakadori, Aizu, etc)         347 (80.7)
  Position in the workplace                 
   Manager (director, chief)                119 (27.7)
   Staff                                    311 (72.3)
  Occupation at the time of the accident    
   Public health nurse                      330 (76.8)
   Other occupations (mostly nurses)        38 (8.8)
   Students                                 62 (14.4)

Of the PHNs, 269 were classified in the anxiety (−) group and 161 were in the anxiety (+) group ([table 2](#BMJOPEN2016013564TB2){ref-type="table"}). A significantly higher ratio of PHNs younger than 40 years of age was observed in the anxiety (+) group (p\<0.001, [table 2](#BMJOPEN2016013564TB2){ref-type="table"}). Likewise, higher ratios of PHNs with \<10 years of working experience, staff positions and nursing licenses were observed in the anxiety (+) group (p\<0.001, respectively, [table 2](#BMJOPEN2016013564TB2){ref-type="table"}). On the other hand, no significant differences were observed between the two groups in the activity area, education curriculum and seminars before or after the accident (p=0.62, p=0.16, p=0.60 and p=0.13, respectively, [table 2](#BMJOPEN2016013564TB2){ref-type="table"}). In addition, there was no significant difference in the mean points in the SOC-13 observed between the two groups (p=0.47, [table 2](#BMJOPEN2016013564TB2){ref-type="table"}).

###### 

Participant\'s demographic factors, educational history and mental health via anxiety with regard to questions about radiation after the FDNPS accident

  Variable                                                            Unit                             Anxiety (−) (n=269) (%)   Anxiety (+) (n=161) (%)   p Values
  ------------------------------------------------------------------- -------------------------------- ------------------------- ------------------------- ----------
  Gender                                                              Women/men                        262 (97.4)/7(2.6)         154 (95.7)/7(4.3)         0.32
  Age                                                                 \<40 years old/≥40 years old     77 (28.6)/192(71.4)       87 (54.0)/74(46.0)        \<0.001
  Working experience as a public health nurse                         \<10 years/≥10 years             53 (19.7)/216(80.3)       71 (44.1)/90(55.9)        \<0.001
  Activity area                                                       Hamadori/other area              54 (20.1)/215(79.9)       29 (18.0)/132(72.0)       0.62
  Position in the workplace                                           Manager/staff                    88 (32.7)/181(67.3)       31 (19.3)/130(80.7)       0.003
  Occupation at the time of the accident                              PHNs/others (nurses, students)   230 (85.5)/39(14.5)       100 (62.1)/61(37.9)       \<0.001
  Did you have children aged ≤15 years at the time of the accident?   Yes                              110 (40.9)                59 (36.6)                 0.42
  Education history in curriculum                                     Yes                              114 (42.4)                80 (49.7)                 0.16
  Education history in seminar before the accident                    Yes                              25 (9.3)                  12 (7.5)                  0.60
  Education history in seminar after the accident                     Yes                              247 (91.8)                140 (87.0)                0.13
  Frequency of participation in seminars                              Once/plural                      47(19.0)/200(81.0)        42 (29.6)/98(70.4)        0.02
  SOC-13 total points                                                 Mean                             44.0                      41.4                      0.47

FDNPS, Fukushima Daiichi Nuclear Power Station; PHN, public health nurses; SOC-13, Sense of Coherence-13.

In the anxiety (+) group, the ratio of those having current anxiety about radiation was significantly higher than that in the anxiety (−) group (p\<0.001, [table 3](#BMJOPEN2016013564TB3){ref-type="table"}). On the other hand, in the anxiety (−) group, the ratios with difficulty answering the questions about radiation, currently having the materials to obtain knowledge about radiation and having knowledge about childhood thyroid cancer increases after the Chernobyl accident were significantly higher than in the anxiety (+) group (p\<0.05, p\<0.01 and p\<0.05, respectively, [table 3](#BMJOPEN2016013564TB3){ref-type="table"}). However, there were no significant changes between the two groups in the anxiety about radiation at the time of the accident and the recognition of health effects (such as late effects and genetic effects) due to radiation exposure (p=0.68, p=0.79 and p=0.20, respectively, [table 3](#BMJOPEN2016013564TB3){ref-type="table"}).

###### 

Participants\' anxiety, recognition and knowledge about radiation via anxiety with regard to answering the questions about radiation after the FDNPS accident

  Question                                                                                                                   Unit                      Anxiety (−) (n=269) (%)   Anxiety (+) (n=161) (%)   p Values
  -------------------------------------------------------------------------------------------------------------------------- ------------------------- ------------------------- ------------------------- ----------
  Degree of anxiety about radiation at the time of the FDNPS accident                                                        Anxiety (−)/anxiety (+)   99 (36.8)/170(63.2)       56 (34.8)/105(65.2)       0.68
  Degree of anxiety about radiation currently                                                                                Anxiety (−)/anxiety (+)   251 (93.3)/18(6.7)        130 (80.7)/31(19.3)       \<0.001
  Do you think that delayed effects such as malignancies occur due to radiation exposure following the Fukushima accident?   Yes                       37 (13.8)                 33 (20.5)                 0.79
  Do you think that genetic effects in offspring occur due to radiation exposure following the Fukushima accident?           Yes                       33 (12.3)                 27 (16.8)                 0.20
  Did you have a difficult time answering the questions about radiation?                                                     Yes                       216 (80.3)                115 (71.4)                0.04
  Did you have the materials to obtain knowledge about radiation at the time of the accident?                                Yes                       87 (32.3)                 40 (24.8)                 0.10
  Do you currently have the materials to obtain knowledge about radiation?                                                   Yes                       233 (86.6)                118 (73.3)                0.01
  Did you know about the three principles of radiation protection?                                                           Yes                       64 (23.8)                 42 (26.1)                 0.64
  Did you know about the annual dose limit for the general public?                                                           Yes                       20 (12.4)                 11 (6.8)                  0.99
  Did you know about the half-life of radioactive substances?                                                                Yes                       129 (48.0)                77 (47.8)                 0.99
  Did you know about childhood thyroid cancer increases after the Chernobyl accident?                                        Yes                       213 (79.2)                109 (67.7)                0.01

FDNPS, Fukushima Daiichi Nuclear Power Station.

When the logistic regression analysis was conducted, following the adjustment for confounding factors, being a PHN at the time of the accident (OR: 2.37, p\<0.01), current general anxieties about radiation (OR: 3.56, p\<0.001), currently having the materials to obtain knowledge about radiation (OR: 2.11, p\<0.01) and having knowledge about childhood thyroid cancer increases after the Chernobyl accident (OR: 1.69, p=0.04) were all significantly associated with anxiety after the FDNPS accident ([table 4](#BMJOPEN2016013564TB4){ref-type="table"}).

###### 

ORs and 95% CIs of the study variables for anxiety (+) by asking participants to answer questions about radiation, as assessed by the logistic regression analysis

  Variable                                                                         Unit            OR     95% CI         p Value
  -------------------------------------------------------------------------------- --------------- ------ -------------- ---------
  *Adjusted*                                                                                                             
  Age                                                                              ≥40 years old   0.64   0.36 to 1.15   0.13
  Manager in the workplace                                                         No              1.14   0.65 to 2.00   0.66
  Public health nurse at the time of the accident                                  No              2.37   1.27 to 4.42   0.007
  Current degree of anxiety about radiation                                        anxiety (+)     3.56   1.82 to 6.96   \<0.001
  Difficulty answering radiation questions in the past                             No              1.27   0.76 to 2.12   0.37
  Currently have materials to obtain knowledge about radiation                     No              2.11   1.25 to 3.60   0.006
  Knowledge about childhood thyroid cancer increase after the Chernobyl accident   No              1.69   1.04 to 2.75   0.04
  *Unadjusted*                                                                                                           
  Age                                                                              ≥40 years old   0.34   0.23 to 0.51   \<0.001
  Manager in the workplace                                                         No              2.04   1.28 to 3.25   0.003
  Public health nurse at the time of the accident                                  No              3.60   2.26 to 5.73   \<0.001
  Current degree of anxiety about radiation                                        anxiety (+)     3.33   1.79 to 6.17   \<0.001
  Difficulty answering radiation questions in the past                             No              1.63   1.03 to 2.57   0.04
  Currently have materials to obtain knowledge about radiation                     No              2.36   1.44 to 3.87   \<0.001
  Knowledge about childhood thyroid cancer increase after the Chernobyl accident   No              1.82   1.17 to 2.82   0.008

Discussion {#s4}
==========

This study was conducted 4 years after the FDNPS disaster to provide educational support for PHNs who receive many consultations from residents. In univariate analysis, younger and inexperienced PHNs had higher anxiety with regard to communicating with residents about radiation. When adjusting for other variables, those PHNs who were students at the time of the accident had higher anxiety when communicating with residents about radiation. Our results suggested that experience as a professional during the FDNPS accident is important. Although many of the PHNs had knowledge about the Chernobyl accident, they could not properly communicate the health effects of radiation with the residents, which caused anxiety in the residents after the accident at the FDNPS. In addition, our results showed that having the materials to obtain knowledge about radiation was independently associated with anxiety about the FDNPS accident.

These results suggest that continuous effort is necessary to provide education and materials among the PHNs in the Fukushima Prefecture for them to gain knowledge about radiation, including the health effects caused by radiation exposure.[@R17] Some education initiatives have been undertaken in the prefecture after the nuclear accident, which includes Fukushima Medical University\'s disaster education for undergraduates and health literacy training for PHNs for field practitioners.[@R18] [@R19] Appropriate and sustainable allocation of financial and human resources is needed to continue and expand such activities.

The SOC was employed to estimate the stress management capability of the PHNs in this study. There was no significant difference in the mean points in the SOC observed between the anxiety (−) group and anxiety (+) group. This result, as well as results from other studies, may suggest that lifestyle factors are related.[@R20] On the other hand, Eriksson *et al*[@R21] showed that individuals with high scores in the SOC are better able to cope with chronic stress than those with low scores. In other studies, the average points of the nurses at two Japanese hospitals were 38.5±6.4 and 39.3±6.3, respectively,[@R22] [@R23] and the average score of mothers of children with intellectual disabilities in Japan was 40.0±8.0.[@R24] In this study, the average score (43.0±7.7) was higher than those in other studies, and it was substantially higher when compared to those of nurses. We believe that expertise as a public health nurse is one of the factors that increases the SOC. Accordingly, in order to maintain high scores in the SOC, there is a need for planning of stress management capacity improvement for the PHNs in Fukushima Prefecture.

The correspondence of the disaster affected the stress management capability, and might cause a worsening of chronic stress. According to the FHMS, which includes monitoring the mental health and daily lives of Fukushima residents and providing proper care for them, the mental health status of the residents in the Fukushima Prefecture was very poor.[@R13] Thus, the mental health of the residents was greatly affected by the disaster and a similar impact could be expected from the PHNs who work in the Fukushima Prefecture. Therefore, mental support is important for the PHNs, as well as for the residents of the Fukushima Prefecture.

The present study has several limitations. First, we could not obtain sufficient information on the anxiety-related factors, such as detailed consultation contents and other information. Second, we were not able to gather sufficient information on stress management factors, such as family issues and marital status. Third, this study might have caused a recall bias on the study participants. Finally, since this study targeted PHNs only in Fukushima, Japan, there might be a problem about generalisability. However, we believe that this study regarding the PHNs\' situation in the Fukushima Prefecture 4 years after the FDNPS disaster will be very important in the provision of future support.

In conclusion, we conducted a survey of the radiation anxiety and stress processing capacity of PHNs in the Fukushima Prefecture 4 years after the nuclear accident at the FDNPS, and determined that it is important for PHNs to obtain knowledge and teaching materials about radiation. In order to develop workers\' capabilities that can correspond to the timing of radiation disasters in the future, radiation education programmes for PHNs and nursing students must be established in areas that have nuclear power stations and other nuclear facilities.
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